Introduction
Many final-state particles are produced in the high-energy nuclear collisions. Distribution study of particles produced in different kinds of collisions enables us to understand the collision process in more ways. In final state of the collision, particle properties are focused specifically on, such as transverse momentum, dihadron azimuthal correlations, pseudorapidity, and so on. Transverse momentum spectra of hadrons produced in proton and heavy-ion collisions at RHIC and LHC energies have been described successfully in non-extensive statistical mechanics.
In our previous work, we combined Tsallis statistics with a multisource thermal model to study pseudorapidity distributions of charged particles produced in high-energy or ̅ collisions and high-energy nucleus-nucleus collisions. Recently, Tsallis statistics and Boltzmann statistics have been used to analyze the transverse momentum spectra in heavy-ion collisions at high energy. They can both extract the thermodynamics parameters of matter produced in the collision. In order to understand concretely the thermodynamics properties, this work compare the Tsallis distribution, Boltzmann distribution and Gaussian distribution adopted in the multisource thermal model by properties of transverse momentum spectra in the high-energy collisions.
Tsallis distribution, Boltzmann distribution and Gaussian distribution in the multisource thermal model
The collision is regarded to contain two processes, the soft process and the hard process. Generally, the two processes do not have enough coherence with each other so that a single distribution has difficulty in the reproduction of the experimental data over a lager range. We need the distribution composed of multiple components
where ( , ) is the th component of the distribution, indicates the rate percentage of th components and ∑ = 1. In this paper, the two components and three components distribution will be adopted.
Tsallis distribution
In the Tsallis statistics, the momentum distribution is
where is the non-equilibrium degree of the collision system, is the temperature and is the degeneracy degree. The parameters , , , are the particle momentum, volume of the system, energy and the chemical potential, respectively. This distribution can also be written in terms of transvers mass and the rapidity
When = 0 and = 0, the distribution is
Boltzmann distribution
For the Maxwell ideal gas, the momentum distribution is
The relativistic effects are considered in the high energy collision. The momentum distribution is
where 2 � 0 � is the second-order modified Bessel function. Because the emission in the collision is isotropic, a two-component distribution is
where is the rate percentage of the first component. T
Gaussian distribution
For and , the form of Gaussian distribution is
The transverse momentum is
In the work, we use a two-component distribution and a three-component distribution. The th component of the distribution ( , ) is
The two-component distribution is
where and 1 − are the rate percentages of the two components. The three-component distribution
where , and 1 − − are the rate percentages of the three components.
Conclusion and discussion
Figure1 shows the results of the two-component Gaussian distribution corresponding to the transverse momentum spectra of 0 mesons at mid rapidity in +Au, Cu+Cu, and + collisions at Table 2 and Table 4 , where the parameter meaning is the same as that in Table 1 and Table 3 . GeV. Experimental data [2] [3] [4] [5] [6] are shown with different symbols. The dashed lines are the results of Eq. (13). GeV. Experimental data [2] [3] [4] [5] [6] . are shown with different symbols. The dashed lines are the results of Eq. (13). GeV. Experimental data [2] [3] [4] [5] [6] .
are shown with different symbols. The dashed lines are the results of Eq. (14). pp data × 2 × 10
Figure 4
* 0 and * 0 ����� transverse momentum spectra in +Au, Cu+Cu and + collisions at √ = 200 GeV. Experimental data [2] [3] [4] [5] [6] . are shown with different symbols. The dashed lines are the results of Eq. (14). Table 1 Parameters in figure 1. that the temperature and collision centrality have a positive relationship. Further work is required to find a function which can agree with experimental results in the larger range.
